Introduction
Metabolism of free radicals is an integral part of the metabolic inhibition associated with hibernation. Reactive oxygen species (ROS), generated during hibernation, especially when the environment is anoxic, will mediate lipid peroxidation and DNA damage. A well-developed antioxidant defense system can minimize oxidative damage during hibernation [1] . The transition from metabolic depression under anoxia/ hypoxia or freezing, towards aerobic metabolism may involve an overproduction of ROS, which devastates cellular integrity [2] . Very low amounts of hydroxyl radical is generated in the brain of anoxic-tolerant turtles, and reoxygenation increases these levels [3] . However, reperfusion in animals adapted to anoxia/ hypoxia or freezing is a physiological process that is an integral part of their natural life cycle. In the case of transitions from aerobic hypometabolism in hibernation to normal metabolic rate, there is an intermediate phase of very high oxygen consumption where increased mitochondrial ROS production may occur [4] . Oxidative stress markers accompany this increase in antioxidant defenses during anoxia/hypoxia. Bickler and Buck [5] suggest that animals emerging from a hypometabolic state may experience oxidative stress. No studies to date have uncovered evidence of oxidative stress in Uromastyx philbyi (Arabian blue uromastyx) during hibernation or active periods so this work was designed to study the antioxidant defense system in Uromastyx philbyi during the hibernation and activity periods.
(Group I) and during hibernation (January 2011) (Group II). Ten animals were captured during summer and ten during winter. Animals were collected during the daylight, following approvals of the Saudi Arabian wild life authorities (number 120/2010). The animals were transported to the laboratory in plastic boxes on the day of capture.
Sampling protocol and sample preparation
Animals were anesthetized with ether in the clinical biochemistry lab of the medical laboratories at the department of King Khalid University (Bisha branch) Saudi Arabia. Animals were then fixed on a dissecting plate. The abdomen and thorax were opened and blood samples withdrawn by needle directly from the heart and used for serum separation. As soon as possible before death we isolated the liver, brown adipose tissue (BAT) and brain tissues, cleaned these from adhering matters, and washed them with saline solution. We then homogenized 0.5 g of each sample in 5 ml of D.W. [6] using an electrical homogenizer, centrifuged at 3000 r.p.m. for 15 minutes. The resulting supernatant was collected and kept frozen (-20C°) until used for estimation of the biochemical parameters.
Biochemical assays
In the liver, BAT, brain homogenate and serum, Malondialdehyde (MDA) levels were determined spectrophotometrically using the method of Packer and Glazer [7] . GSH, GSSG and total GSH levels were determined according to the method of Ellman [8] . GPx activities were determined using the method of Paglia and Valentine [9] . The rate of reduction of NADPH was observed at 340 nm. One unit of GPx activity was defined as the oxidation of 1 μmol L -1 NADPH and expressed as µM min -1 g -1 tissue. Glutathione reductase (GR) activity was determined by the amount of NADPH consumed in the conversion of oxidized glutathione (GSSG) to GSH following the method of Racker [10] . SOD activities were determined according to the method of Winterbourn et al. [11] . Catalase activity was determined according the method of Sinha [12] , Vitamin C according to Kyaw [13] , and vitamin E was determined according to Baker and Frank [14] .
Statistical analysis
The data were statistically analyzed by SPSS version 20 (IBM, 1 New Orchard Road Armonk, New York 10504-1722 United States). Data are presented as mean ± SD, n = 10 lizards per group. Statistical differences between groups were tested using student's t-tests. Differences were considered significant when P < 0.05 [15] .
Results
The concentrations of MDA, GSH, total GSH, vitamin E and the activities of GPX, GR, SOD and CAT were significantly increased in the liver, BAT and serum during the active period when compared with the hibernation period. In contrast, the animals showed a significant increase in GSSG and vitamin C during the hibernation period. Brain tissue showed the same pattern, except that there was no significant change in GSH, total GSH and vitamin C concentrations.
Discussion
No studies have monitored oxidative stress during hibernation or following arousal focusing on different tissues in Arabian blue uromastix. Here we assessed oxidative stress in the liver, which is the main organ of detoxification and metabolism. The brain is the organ which consumes the most oxygen, and the first one affected by oxidative stresses; the brain mainly depends on oxidative metabolism as the main source of oxidative stresses as the source of energy. BAT is the main thermogenic tissue in the body, and as a serum it carries most of the catabolites and oxidative stress waste products, during hibernation in winter and arousal in summer.
There is no evidence of increased oxidative stress in any studied organs during hibernation (Tables 1,2,3 and 4). These data suggest that liver, brain, BAT and serum avoid oxidative stress during hibernation by decreasing its main sources, oxidative metabolism. Adrienne et al. [2] note that oxidative stress in Arctic ground squirrel brains decreases during hibernation, along with a reduction in oxidative metabolism.
During arousal, there was evidence of increased oxidative stress in all studied tissues, manifested by an increase in MDA and GSSG (Tables 1,2,3 and 4) and concomitant with an increase of all studied parameters of the antioxidant defense system (GPX, GR, SOD, CAT and vitamin E), except for vitamin C (Tables 1,2,3 and 4) . The increase in oxidative stress may be due to the over-production of reactive oxygen species (ROS) that accompany the transition toward the aerobic metabolism during arousal [16] . The increase in the antioxidant defense system refers to the ability of the animal to adapt to oxidative stress. Voituron [17] suggested that the activation of the antioxidant enzymes was an effective ecological strategy in response to excessive oxygen free radicals after arousal, where a 0.1% increase in mitochondrial oxygen consumption leads to ROS generation [18] . In AGS the oxygen consumption increased four-fold during rewarming (from ∼0.5 mL O 2 g -1 h -1 in hibernation to ∼2.0 mL O 2 g -1 h -1 ) [19] , supplying a reasonable rate of ROS generation in BAT. While Vitamin C, GSH and total GSH remained stable through hibernation and arousal in the brain, they decreased in liver, BAT and serum during hibernation, which was not associated with oxidative stress (no increase in MDA) (Tables 1,2,3 and 4) . This may be attributed to the inhibition of glycolysis and pentose phosphate pathway. The decrease in carbon flux through glucose utilization in torpid hibernators [20] lead to a decrease in NADPH contents and subsequent decrease in glutathione reductase (GR) activity lead to an augment in GSSG levels (Tables 1,2,3 and 4) . The decrease in hepatic GSH could be attributed to the decrease in its biosynthesis and/or increased export from liver in torpid hibernators [21] . Also, the biosynthesis of GSH is an energy consuming process [22] , and so could be decreased during torpor in several organs.
In contrast to all antioxidants, Vitamin C increased in all studied tissues (especially plasma) except for the brain during the hibernation period. Vitamin C increased three to four fold during torpor in AGS and 13-lined ground squirrels, which could provide an antioxidant source that could be taken by tissues to prevent oxidative stress during the increase in O 2 consumption that accompanies arousal [23] .
Conclusion
It can be concluded that hibernation in Uromastyx philbyi is not accompanied by oxidative stress, and this may be due to an increase in vitamin C and decrease of oxidative metabolism. This is in contrast to the arousal period, which is accompanied by an increase in oxidative stress. These lizards have the ability to adapt through induction of all antioxidative defense systems.
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